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The production of black holes in large extra dimensions is 
studied for Tevatron energies. We find that black holes may 
have already been created in small abundance in pp collisions 
at = 1.8 TeV. For the next Tevatron run (y^ = 2.0 TeV) 
large production rates for black holes are predicted. 


Recently the possibility of black hole production in 
large extra dimension (LXD) at LHC and from cosmic 
rays has received great attention [1-11]. In these LXD 
scenarios [12] the Standard Model of particle physics is 
localized on a three dimensional brane in a higher dimen¬ 
sional space. One scenario for realizing TeV scale gravity 
is a brane world in which the Standard Model particles 
including gauge degrees of freedom reside on a 3-brane 
within a flat compact space of volume Vd, where d is the 
number of compactified spatial extra dimensions with ra¬ 
dius L. Gravity propagates in both the compact and 
non-compact dimensions. The fundamental D — 4 + d 
dimensional scale Mf is then connected to the 4 dimen¬ 
sional Planck scale Mp\ via [12] 

M^i = M]+^Vd . ( 1 ) 

This raises the exciting possibility that the fundamental 
Planck scale Mf can be as low as mw- As a consequence, 
future high energy colliders like LHC, CLIC or TESLA 
could probe the scale of quantum gravity with its exciting 
new phenomena, namely the production of black holes 
in high energetic interactions (for LHC energies see [3]). 
However, the experimental bounds on the Planck mass in 
the presently discussed scenarios from absence of missing 
energy signatures is much lower: Mf > 0.8 TeV for two to 
six extra dimensions [13-15]. Astrophysical bounds seem 
to be more stringent and require fundamental scales of 
order 10-100 TeV for two extra dimensions, larger limits 
might also be advocated by direct measurements of New¬ 
tons law in the sub-millimeter region or proton stability. 
However, those limits can be overcome by increasing the 
number of extra dimension or invoking additional theo¬ 
retical assumptions (for a discussion see e.g. [16]). Thus, 
we will consider only the well known collider bounds on 
Mf as limits for our present investigation. 

In this letter we investigate whether a first glimpse on 
a (sub-)TeV scale gravity associated with black hole pro¬ 


duction might already be observable at the Tevatron. As 
discussed elsewhere (see e.g. [17,3,4]) the horizon radius 
of a black hole is given by 


8r(^) / 1 M 

(2+d)^^ w; ^ 


( 2 ) 


with M denoting the black hole mass. The production 
rate black holes is classically given by [1,18,19]^ a{M) « 
TvRjj. 



FIG. 1. Feynman x distribution of black holes with 
M > Mf TeV produced in pp interactions at the Tevatron 
(y/s = 1.8 TeV) with four compactified spatial extra dimen¬ 
sions and different fundamental scales Mf—0.8 TeV, 1.0 TeV, 
1.2 TeV and 1.5 TeV (from top to bottom). 


^Note that the given classical estimate of the black hole pro¬ 
duction cross section is still under debate [20,19]. However, 
for the present calculations the maximal suppression in the 
cross section is by a factor lO”*^ [21], which does not invali¬ 
date the present arguments. 
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Since a theory of quantum gravity is still not known, 
the formation of black holes with masses of the order 
of the fundamental scale can not be justified from first 
principles. However, in the following we assume the ap¬ 
plicability of classical gravity. As a consequence our pre¬ 
dictions are order of magnitude estimates for the most 
optimistic physical scenario. We will also neglect com¬ 
plications due to the finite angular momentum of the 
black hole and assume non-spinning black holes (roughly 
a factor two uncertainty). The influence of finite angular 
momentum on the formation and evaporation process of 
black holes is studied in [8,22]. With these assumptions 
we ask whether black holes might already have been cre¬ 
ated at the Tevatron in Run I and predict their formation 
cross section for Run II. 

By standard methods, the Feynman xp distribution of 
black holes for masses from M G [Mf, y/s = 1.8 TeV] is 
given by 


da 

dxp 


\/5 
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XiS 


( 3 ) 

( 4 ) 


with xp = X 2 — xi and the restriction xiX 2 S = 
Where the CTEQ4 [23] parton distribution functions fi , 
/2 with are used. All kinematic combinations 

of partons from projectile pi and target p 2 are summed 
over. 



FIG. 2. Black hole production cross section (full line) and 
black hole yield per year (dashed line) at Tevatron as a func¬ 
tion of the fundamental scale Mf for d = 4 extra dimensions, 
y/s = 1.8 TeV, £ = 100 pb-h 

Fig. 1 depicts the momentum distribution of produced 
black holes in pp interactions at y/s = 1.8 TeV. Most 


black holes are of lowest mass (Mbh ~ Af/) and are 
formed in scattering processes of valence quarks. Here we 
show the result for d = 4 extra spatial extra dimensions. 
A strong dependence on the fundamental gravity scale 
Mf is observed. For the lowest possible Mf Ki 800 GeV, 
significant black hole production in pp at y/s = 1.8 TeV 
is predicted. Higher fundamental scales suppress the pro¬ 
duction of black holes at the Tevatron strongly. 

Fig. 2 shows the production cross section for black 
holes as a function of the fundamental scale Mf (full 
line). Using an integrated luminosity of 100 pb“^ per 
year, the dashed line gives the expected abundance of 
black holes produced at Tevatron per year. For most 
optimistic values of Mf « 0.8 — 1.2 TeV signals of black 
hole creation might have be observable in past or present 
day experimental data. 



FIG. 3. Black hole production cross section (full line) and 
black hole yield per year (dashed line) at Tevatron as a func¬ 
tion of the fundamental scale Mf for d = 4 extra dimensions, 
y/s = 2.0 TeV, £ = 10 fb“b 

With the update of the Tevatron for Run H higher lu¬ 
minosities at an increased center of mass energy (pp at 
y/s = 2.0 TeV) are available. Prediction of black hole 
creation cross sections for these runs are shown in Fig. 
3 as a function of the fundamental scale Mf (full line). 
Here, an integrated luminosity of 10 fb~^ per year is ex¬ 
pected, which translates into a huge abundance of black 
holes produced at Tevatron per year (dashed line). If the 
fundamental scale of gravity is M/ is below^ « 1.5 TeV, 


^The actual identification of a black hole is a difficnlt task: 
detailed studies about the signal characteristics, backgrounds 
and experimental cuts are necessary. For the lightest black 
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first signals of black hole creation might be observed at 
Tevatron before the start of LHC. 

Note that it has been argued whether it is possible to 
observe the emission spectrum of a black hole directly, 
since most of the energy maybe radiated in Kaluza-Klein 
modes. However, from the higher dimensional perspec¬ 
tive this seems to be incorrect and most of the energy 
goes into modes on the brane [24]. The life time of the 
black holes is predicted to be « 10 fm/c [4]. It can be 
observed by the emission of multiple jets with energies 
of « 100 — 150 GeV or might even produce new kinds of 
elementary particles [11]. 

In conclusion, the production cross section and the mo¬ 
mentum distribution of black holes in space times with 
large and compact extra dimensions has been discussed. 
It has been demonstrated that for most optimistic values 
for the mass scale of quantum gravity, a first glimpse 
on black hole production might be possible from to¬ 
days Tevatron (-^3 =1.8 TeV) data. For the Run H 
(•\/s = 2.0 TeV) the calculation predicts the production 
of several thousand black holes per year, if the funda¬ 
mental scale Mf is not too high. This might make the 
study of TeV scale gravity experimentally accessible long 
before the start of LHC. 

This work was supported in parts by BMBF, DFG, 
and GSI. 


[10] Y. Uehara, Prog. Theor. Phys. 107 (2002) 621 
[arXiv:hep-ph/0110382]. 

[11] G. Landsberg, Phys. Rev. Lett. 88 (2002) 181801 
[arXiv :hep-ph/0112061]. 

[12] N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys. 
Lett. B 429, 263 (1998); I. Antoniadis, N. Arkani-Hamed, 
S. Dimopoulos, and G. Dvali, Phys. Lett. B 436, 257 
(1998); N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, 
Phys. Rev. D 59, 086004 (1999). 

[13] G. F. Giudice, R. Rattazzi and J. D. Wells, Nucl. Phys. 
B 544 (1999) 3 [arXiv:hep-ph/9811291]. 

[14] E. A. Mirabelli, M. Perelstein and M. E. Peskin, Phys. 
Rev. Lett. 82 (1999) 2236 [arXiv:hep-ph/9811337]. 

[15] M. E. Peskin, arXiv:hep-ph/0002041. 

[16] V. A. Rubakov, Phys. Usp. 44 (2001) 871 [Usp. Fiz. Nauk 
171 (2001) 913] [arXiv:hep-ph/0104152]. 

[17] R.G. Myers and M.J. Perry, Ann. of. Phys. 172, 304 
(1986). 

[18] K. S. Thorne, Nonspherical gravitational collapse: A 
short review, in J R Klauder, Magic Without Magic, San 
Francisco 1972, 231-258. 

[19] S. B. Giddings, arXiv:hep-ph/0110127. 

[20] M. B. Voloshin, Phys. Lett. B 524 (2002) 376 [arXiv:hep- 
ph/0111099]. 

[21] T. G. Rizzo, arXiv:hep-ph/0111230. 

[22] S. Hossenfelder, et ah, in preparation 

[23] R. Brock et al. [CTEQ Collaboration], Rev. Mod. Phys. 
67, 157 (1995); H. L. Lai et al, Phys. Rev. D 55, 1280 
(1997); H. L. Lai and W. K. Tung, Z. Phys. C74, 463 
(1997). 

[24] R. Emparan, G.T. Horowitz, and R.G. Myers, Phys. Rev. 
Lett. 85, 499 (2000) [hep-th/0003118]. 


[1] T. Banks and W. Eischler, arXiv:hep-th/9906038. 

[2] S. B. Giddings and S. Thomas, Phys. Rev. D 65 (2002) 
056010 [arXiv:hep-ph/0106219]. 

[3] S. Dimopoulos and G. Landsberg, Phys. Rev. Lett. 87 
(2001) 161602 [arXiv:hep-ph/0106295]. 

[4] S. Hossenfelder, S. Hofmann, M. Bleicher and H. Stocker, 
arXiv;hep-ph/0109085. 

[5] S. Hofmann, M. Bleicher, L. Gerland, S. Hossen¬ 
felder, S. Schwabe and H. Stocker, J. Phys. G in print 
[arXiv:hep-ph/0111052]. 

[6] J. L. Peng and A. D. Shapere, Phys. Rev. Lett. 88 (2002) 
021303 [arXiv:hep-ph/0109106]. 

[7] R. Emparan, M. Masip and R. Rattazzi, Phys. Rev. D 
65 (2002) 064023 [arXiv:hep-ph/0109287]. 

[8] L. A. Anchordoqui, J. L. Feng, H. Goldberg and 
A. D. Shapere, Phys. Rev. D 65 (2002) 124027 
[arXiv:hep-ph/0112247]. 

[9] A. Ringwald and H. Tu, Phys. Lett. B 525 (2002) 135 
[arXiv:hep-ph/0111042]. 


holes discussed here this is even theoretically difficult, without 
further knowledge of the quantum theory of gravity. It is 
clearly out of the scope of this letter and will be neglected 
here. 
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